Partial deletion of a loop region in the high affinity K+ transporter HKT1 changes ionic permeability leading to increased salt tolerance.
HKT1 is a high affinity K(+) transporter protein that is a member of a large superfamily of transporters found in plants, bacteria, and fungi. These transporters are primarily involved in K(+) uptake and are energized by Na(+) or H(+). HKT1 is energized by Na(+) but also mediates low affinity Na(+) uptake and may therefore be a pathway for Na(+) uptake, which is toxic to plants. The aim of this study was to identify regions of HKT1 that are involved in K(+)/Na(+) selectivity and alter the amino acid composition in those regions to increase the ionic selectivity of the transporter. A highly charged loop was identified, and two deletions were created that resulted in the removal of charged and uncharged amino acids. The functional changes caused by the deletions were studied in yeast and Xenopus oocytes. The deletions improved the K(+)/Na(+) selectivity of the transporter and increased the salt tolerance of the yeast cells in which they were expressed. In light of recent structural models of members of this symporter superfamily, it was necessary to determine the orientation of this highly charged loop. Introduction of an epitope tag allowed us to demonstrate that this loop faces the outside of the membrane where it is likely to facilitate the interaction with cations such as K(+) and Na(+). This study has identified an important structural feature in HKT1 that in part determines its K(+)/Na(+) selectivity. Understanding the structural basis of the functional characteristics in transporters such as HKT1 may have important implications for increasing the salt tolerance of higher plants.